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ABSTRACT
The 1221 weather observation stations that compose the U.S. Historical Climatology Network were designated
as either urban, suburban, or rural based on data from the Defense Meteorological Satellite Program Operational
Linescan System (OLS). The designations were based on local and regional samples of the OLS data around
the stations (OLS method). Trends in monthly maximum and minimum temperature and the diurnal temperature
range (DTR) were determined for the 1950–96 interval for each of three land use/land cover (LULC) designations.
The temperature trends for the OLS-derived designations of LULC were compared to similarly designated LULC
based on (i) map- (Operational Navigation Charts) and population-based estimates of LULC (ONCP method),
and (ii) LULC designations that resulted from of a survey of the network station operators. Although differences
were not statistically significant, the DTR trends (degrees Celsius per 100 years) did differ between the LULC
classes defined by the OLS method, from 20.41 for the rural stations to 20.86 for the urban stations. Trends
also differed, although not significantly, between the methods used to define an LULC class, such that the trends
in rural DTR varied from 20.41 for the OLS defined stations to 20.67 for the ONCP defined stations. Although
the trends between classes were not significantly different, they do present some contrasts that might confound
the interpretation of temperature trends when the local and regional environments associated with the analyzed
stations are not considered. The general (urban, suburban, or rural) LULC associated with surface observation
stations appears to be one of the factors that can influence the trends observed in temperatures and thus should
be considered in the analysis and interpretation of temperature trends.
1. Introduction
The influence of land use/land cover (LULC) on sev-
eral meteorological variables has been well documented
(e.g., Landsberg 1981; Kukla et al. 1986; Karl et al.
1988; Changnon 1992; Gallo et al. 1993; Gallo et al.
1996). Gallo et al. (1996) suggested that the LULC as-
sociated with climate observation stations needed to be
periodically monitored. Gallo et al. (1996) speculated
that the transition of the LULC from predominantly ru-
ral to a more urban setting can have an impact on the
trends in temperature (specifically a decrease in the di-
Corresponding author address: Kevin P. Gallo, National Climatic
Data Center, 151 Patton Ave., Asheville, NC 28801.
E-mail: kgallo@nesdis.noaa.gov
urnal temperature range) similar to that which would be
expected under an enhanced greenhouse warming sce-
nario. Thus, the LULC influences on temperatures, as
opposed to greenhouse warming influences, need to be
clearly differentiated.
Imhoff et al. (1997a) and Imhoff et al. (1997b) have
successfully used Defense Meteorological Satellite Pro-
gram Operational Linescan System (OLS) data (Elvidge
et al. 1997a) acquired at night to identify ‘‘urban areas.’’
The OLS-based estimates of ‘‘urban’’ area were within
5% of the area defined by the 1990 U.S. census for the
conterminous United States (Imhoff et al. 1997b). The
OLS radiometer includes two spectral bands. The visible
band ranges from 0.5 to 0.9 mm. The sensitivity of the
radiometer to light at night is four orders of magnitude
greater than that of the National Oceanic and Atmo-
spheric Administration (NOAA) Advanced Very High
May 1999
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TABLE 1. Decision logic of the OLS and ONCP methodologies for designation of the general LULC associated with a climate
observation station.
Local sample Regional sample Result
OLS
NONE Urban, (predominantly rural)
NONE Urban (predominantly suburban)
ANY Urban
AND
OR
OR
Urban and suburban grid cells , 25%
25% # urban and suburban , 50%
Urban and suburban $ 50%
Rural
Suburban
Urban
Population Result
ONCP
Population , 10 000
10 000 # population # 50 000
Population . 50 000
Rural
Small town (suburban)
Urban
Resolution Radiometer (AVHRR) or Landsat-TM (El-
vidge et al. 1997a).
The objectives of this study were to apply a satellite-
based designation of general LULC to the over 1200
U.S. Historical Climatology Network (HCN) stations
and determine the temperature trends associated with
these general LULC classes. The results of the satellite-
based designations of LULC were compared to two oth-
er designations of LULC.
2. Methodology
The U.S. HCN serial temperature dataset (Easterling
et al. 1996) is updated periodically and includes monthly
temperature data that have been adjusted to remove bi-
ases caused by changes in the time of observation,
changes in instruments, movement of weather stations,
and urbanization. The HCN dataset is available in sev-
eral versions that include no adjustments, one or more
of the adjustments, or all of the adjustments. The data
utilized in this study included adjustments for changes
in time of observation, changes in instruments, and
movement of weather stations. The temperature vari-
ables examined in this study included minimum and
maximum temperature and the diurnal temperature
range (DTR 5 maximum 2 minimum temperature).
Owen et al. (1998) developed a methodology for use
of OLS data to objectively define climate observation
stations as urban, suburban, or rural. Briefly, the OLS
data (acquired during 1994 and 1995) represent the fre-
quency that cloud-free lights were detected for each 1-
km grid cell relative to the total number of cloud-free
observations of the grid cell (Elvidge et al. 1997a). Each
1-km grid cell in the conterminous United States was
designated as urban, suburban, or rural, based on two
thresholds. The OLS urban threshold was suggested by
Imhoff et al. (1997a) and Imhoff et al. (1997b), and a
rural OLS threshold was established by Owen et al.
(1998) through the use of gridded U.S. census housing
density data.
The methodology to determine if a climate station
was urban, suburban, or rural included the analysis of
local and regional samples of the categorized 1 km2 grid
cells around the stations. Local and regional samples of
the grid cells that surrounded the stations were made,
which included 3 3 3 km2 and 21 3 21 km2 samples,
respectively. The decision logic used to determine if a
station was urban, suburban, or rural was based on the
classification of the individual grid cells within the local
and regional samples associated with each station, as
seen in Table 1. A progressive decision logic was ap-
plied to each of the 1221 HCN stations. First, station
samples were tested to see if they met the criteria for
a rural designation. Station samples not meeting these
conditions were then tested for the suburban designa-
tion. Subsequently, the remaining unclassified stations
were designated as urban. Thus, a station with any urban
grid cells located in the local sample would be imme-
diately classified as urban. A station with no urban grid
cells observed in the local sample and a regional sample
with less than 25% urban and suburban grid cells would
then be evaluated by the local sample criteria (predom-
inance of rural or suburban grid cells) included in Table
1 to determine if it was a suburban or rural station.
Figure 1 displays the results of the OLS methodology
for the Baltimore, Maryland, to Washington, D.C., re-
gion of the United States. A water mask, not used in
the analysis, was overlaid on the OLS data to identify
the Chesapeake Bay and other major water bodies in
the region. The HCN stations are overlayed on the OLS
data and are designated rural, suburban, and urban as a
result of the logic displayed in Table 1. The station
designated rural at the eastern (right) edge of the figure
presents a good example of the decision logic in Table
1. The station clearly has nearby grid cells defined as
suburban. In fact, four of the nine grid cells that com-
pose the local (3 km 3 3 km) sample are suburban.
However, as the local sample is predominantly rural
(five of the nine grid cells) and the regional sample
includes less than 25% suburban grid cells, the station
is designated as rural.
The results of the OLS methodology to designate sta-
tion LULC were then compared to two other designa-
tions of LULC associated with the HCN stations. One
of the methods for LULC designation of the stations
(Peterson and Vose 1997) utilized maps and population
data [Operational Navigation Charts and Population
(ONCP) methodology]. Briefly, the ONCP methodology
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FIG. 1. U.S. HCN stations within the Baltimore, MD–Washington,
DC, region as overlaid on the OLS-designated rural, suburban, and
urban areas. Station designations as a result of the OLS-based meth-
odology are indicated (R 5 rural, S 5 suburban, and U 5 urban).
The Chesapeake Bay and other major water bodies are identified as
white.
TABLE 2. The major land use/land cover categories (r 5 rural, s
5 suburban, u 5 urban, nonu 5 nonurban), number of stations des-
ignated within that category, and trends [8C (100 yr)21] in the DTR,
maximum, and minimum temperatures for the 1950–96 interval.
n DTR Max Min
All stations 1221 20.72** 0.30 0.98**
HCNSVYr
OLSr
ONCPr
307
292
820
20.63*
20.41
20.67*
0.47
0.12
0.20
1.02**
0.56
0.84**
HCNSVYs
OLSs
ONCPs
377
465
288
20.66*
20.81**
20.66*
0.22
0.24
0.34
0.86**
1.02**
0.93**
HCNSVYu
OLSu
ONCPu
515
464
113
20.82**
20.86**
20.74**
0.30
0.38
0.69
1.06**
1.22**
1.42**
HCNSVYnonu
OLSnonu
ONCPnonu
684
757
1108
20.62*
20.63*
20.66**
0.31
0.24
0.28
0.90**
0.83**
0.90**
* Trends are significantly different from 0.0 at a 5 0.1.
** Trends are significantly different from 0.0 at a 5 0.05.
uses Defense Mapping Agency ONCs that designate the
location of urban areas. Station location on the chart
determined whether a station was in an urban or rural
area. Population values were also considered as de-
scribed in Table 1. The ‘‘small town’’ designation of
Peterson and Vose (1997) was considered as ‘‘subur-
ban’’ in this study.
A second LULC designation used for comparison,
designated as HCNSVY, was derived from a survey of
the observers associated with each of the HCN stations
(Gallo et al. 1996). The observers were requested to
estimate the predominant LULC (from nine choices)
within 100-, 1000-, and 10 000-m radii of the station
location. The nine classes included in the survey were
condensed to the three used in this analysis (rural, sub-
urban, and urban) based on the results of Gallo et al.
(1996).
The station temperature data were gridded on a 58 3
58 basis with inhouse software, and anomalies were
computed from the base interval of 1961–90. The data
were gridded to assure that the temperature trends were
not dominated by regions with a relatively large number
of stations. Additionally, each station was required to
have a minimum of 25 yr of data within the 1950–96
interval for inclusion in the analysis.
Trends in the anomalies of gridded monthly minimum
and maximum temperatures and the DTR were exam-
ined for stations based on their LULC designations as
urban, suburban, or rural, determined by the OLS,
ONCP, and HCNSVY methodologies. The trends were
also determined for the nonurban (rural or suburban)
consolidation of stations.
The significance of the temperature trends (signifi-
cantly different from 0.0) was based on a t statistic in
the GLM procedure (SAS 1988). The observed tem-
perature trends for the stations were also analyzed for
significant differences due to station LULC designation
within a specific methodology (e.g., trends in the urban
stations as defined by the OLS, ONCP, or HCNSVY
methodologies). Analysis of the differences in the tem-
perature trends between LULC designations included
comparisons of the error sum of squares associated with
the regression equations derived to determine the tem-
perature trends (Neter and Wasserman 1974). Trends
were also analyzed for significant differences between
LULC designations within a single designation meth-
odology (e.g., trends in the rural compared to suburban
and urban stations as designated by the OLS method-
ology).
3. Results and discussion
Inherent differences exist between the methods for
designating a climate observation station as urban, rural,
suburban (OLS and HCNSVY methodologies), or small
town (ONCP). These differences are demonstrated in
the varied range in the number of stations designated
as rural, from the ONCP value of 820 to the OLS value
of 292 (Table 2). The number of urban stations varied
from an ONCP value of 113 to an HCNSVY value of
515. The number of nonurban (either rural or small town
for ONCP, or rural or suburban for OLS or HCNSVY
designations) varies from an ONCP-designated 1108 to
an HCNSVY-designated 684. Although the number of
stations per LULC class varied, the spatial coverage of
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the United States as represented by the 58 3 58 grid
cells was usually greater than 85%. The differences in
the trends observed between the methods may poten-
tially be related to (i) true differences in the LULC as
defined for the stations and (ii) the number and spatial
distribution of the stations associated with a given class.
Additionally, included in this analysis is the assump-
tion that the three designations provide value-added in-
sight into retrospective LULC conditions. Each of the
three methods for designation of the LULC classes,
however, is a ‘‘snapshot’’ in time of the LULC. The
time frame associated with each of the methods for des-
ignation of LULC does differ. The HCNSVY classes
are based on a survey conducted in 1990, the OLS clas-
ses are based on data acquired during 1994 and 1995,
and the ONCP classes are based on maps compiled in
the 1970s and currently available population data.
Within this analysis, rural-designated stations are as-
sumed to have been rural throughout the period of trend
assessment. Urban and suburban stations may or may
not have maintained their LULC character for the period
of trend assessment. Some stations currently designated
as urban by the three methodologies above may have
been suburban or even rural in 1950. Similarly, given
population trends and settlement patterns in the United
States since 1950, some of the stations currently des-
ignated as suburban were likely rural stations in 1950.
Thus, changes in a station’s LULC over time may con-
found the use of the temperature data acquired at the
station for trend analysis.
The trends in the maximum and minimum tempera-
ture and DTR associated with the HCNSVY, ONCP, and
OLS LULC designated classes (Table 2) are generally
similar to previous analyses of temperature trends for
U.S. stations (Karl et al. 1993). Generally there is a
decrease in DTR, nonsignificant changes in the maxi-
mum temperature, and increasing minimum tempera-
ture. The trends associated with the maximum temper-
atures (Table 2) were not significantly different (from
a value of 0.0) for any of the LULC designations and
thus were not evaluated further.
The trends in minimum temperature and DTR were
examined by LULC for the HCNSVY, OLS, or ONCP
designations. Although the trends differed within each
of the three LULC designations, these differences were
not significant (a 5 0.1). Thus even the DTR differences
within the rural LULC class that ranged from 20.41
(for the OLS designations) to 20.67 (ONCP designa-
tion) were not significant.
Similarly, the trends in minimum temperature and
DTR were examined by method of class designation for
the rural, suburban, and urban classes. There were no
significant (a 5 0.1) differences in the trends observed
between LULC classes within any of the methods used
to designate the LULC class. Thus, even the difference
in minimum temperature trends between the ONCP-des-
ignated rural (0.84) and urban (1.42) classes was not
significant.
Although the trends between classes were not sig-
nificantly different, they do present some contrasts that
might confound the interpretation of temperature trends
when the local and regional environments associated
with the analyzed stations are not considered. The OLS-
designated rural stations, for example, exhibit a DTR
trend of 20.41 while the urban stations exhibit a trend
of 20.86.
Generally, a station designated as urban or suburban
that was rural at one time during the 1950–96 interval
would be expected to have a greater decrease in the
observed diurnal temperature range over time when
compared to a rural station free of urban influences.
Gallo et al. (1996) found that the LULC associated with
urban stations resulted in DTRs that were significantly
lower than those of rural stations. As the LULC around
a station changes from rural to urban over time, the
DTR will likely decrease due to this transition, in ad-
dition to any influences due to potential greenhouse
warming. Urban stations that have experienced little
change in their surrounding LULC characteristics over
time, however, might be expected to display DTR trends
that are less negative than those stations that have re-
cently become urban or are in transition to becoming
urban.
The DTRs associated with the urban classes defined
in this study generally have greater decreases in the DTR
compared to the suburban or rural classes. A noteworthy
exception is the suburban class as designated by the
OLS method, which has a decrease in DTR (20.81)
nearly as great as the urban class (20.86). This may be
due to the OLS definition of suburban (Table 1), which
could be expected to correspond to stations that are in
a transition from rural to urban. These stations might
be expected to experience the greatest change in DTR
as their temperatures shift from a nonurban to urban
regime. The difference between the trends in the DTR
observed for all stations (20.72) is reduced slightly
when the HCNSVY (20.62), OLS (20.63), or ONCP
(20.66) designated nonurban (rural or suburban) sta-
tions are utilized.
The results indicate that the trends observed in min-
imum temperature and DTR differ with LULC, although
not significantly. Within an LULC class the trends in
minimum temperature and DTR also differ (although
not significantly) based on the method used for desig-
nating stations as urban, rural, or suburban.
4. Summary
The general (urban, suburban, or rural) land use/land
cover (LULC) associated with surface observation sta-
tions can influence the trends observed in temperature.
The designation of a station as rural, urban, or suburban
(potentially in transition from rural to urban) can influ-
ence the results of analyses often used for detection of
changes in the regional and global climate. The stations
designated in this analysis were assumed to be constant
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throughout the interval of study. While this assumption
is likely valid for rural stations (i.e., a station rural in
the 1990s was likely rural in the 1950s), it may not be
valid for some of the suburban or urban stations. Thus,
the general categories of LULC at a station, as well as
the changes in these designations over time, may be
important considerations. Periodic assessment of these
general designations of LULC should be encouraged on
a global basis. The satellite-based LULC designations
utilized within this study, which relied on the anthro-
pogenic visible light emitted from the earth’s surface,
resulted in temperature trends that were generally con-
sistent with two other designations of LULC. The sat-
ellite-based methodology, while potentially applicable
on a global basis, will likely have to be refined to ac-
count for regional or country variability (Elvidge et al.
1997b).
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